To determine the prevalence of early branch aneurysms, characterize these lesions angiographically and anatomically, and determine their clinical significance.
A neurysms arising from the middle cerebral artery (MCA) account for one-fifth of the total number of intracranial aneurysms and are one of the most common sites of aneurysm rupture (2, 11) . The MCA has the most complex branching pattern of any of the major intracranial arteries (1, 3, 4, 6, 8, 9, 15, 17-19, 22, 23) . Its complex anatomy, coupled with its superficial location, has made surgical clipping the preferred method of treatment for these lesions (2, 5, 7, 10-14, 20, 21) .
MCA aneurysms have classically been described as occurring at one of six locations: 1) the bifurcation of the M1 segment, 2) the M1 trifurcation, 3) the takeoff of the lenticulostriate arteries, 4) the branch site of M1 segment temporal arteries, 5) the M1 frontal branch arteries, and 6) distal sites on the M2, M3, and M4 segments (11) . In multiple studies, the MCA bifurcation has been reported as the most common site of aneurysm occurrence with percentages as high as 80 to 90% (11, 13, 16) .
Our group has previously detailed the anatomy of the M1 segment in relation to the presence and character of M1 segment frontal and temporal arteries, termed early temporal and early frontal branches. In the 159 specimens examined anatomically or angiographically, early temporal branches were identified in more than 90% of cases, and early frontal branches were found in more than 30% (22) . Many of these M1 segment arteries were large and associated with recurrent lenticulostriate arteries.
Angiographically, many of these proximal early temporal and early frontal branches resembled M1 postbifurcation inferior or superior trunks. There have been previous studies and reports detailing M1 segment aneurysms (13, 14, 24) . Nonetheless, a detailed description of these aneurysms is still lacking. The goal of the current study is to determine the prevalence of early branch aneurysms, characterize these lesions angiographically, and determine the clinical significance of these aneurysms in relation to MCA aneurysms as a whole.
MATERIALS AND METHODS

Retrospective Review
The anatomic data discussed in the present article are from a previously published article detailing the microanatomy of early cortical branches of the M1 segment of the MCA (22) . The MCA was examined using 3ϫ to 40ϫ magnification in 50 cerebral hemispheres obtained from 25 adult cadavers. The arteries and veins were perfused with colored latex to facilitate dissection, aid in defining the small-caliber perforating arteries, and improve photographic detail.
The cadaveric heads were placed in the position used for the standard pterional approach, and the sylvian fissure was opened widely by using microsurgical techniques to expose the proximal portion of the MCA and its early branches. The early branches were characterized according to their sites and patterns of origin, diameters, relative proximity to the internal carotid artery bifurcation, and numbers of lenticulostriate branches. The course and branching patterns of cortical arteries arising from the early branches were also characterized (Fig. 1) .
Between 2001 and 2004, we retrospectively reviewed a total of 125 consecutive patients with a diagnosis of MCA aneurysm. Patients were excluded if imaging studies could not be obtained, or if their aneurysms were fusiform in morphology. All remaining catheter angiogram or computed tomographic angiogram images were individually reviewed. Demographic characteristics, including age, side on which the aneurysm was located, sex, presence of subarachnoid hemorrhage, location of intracerebral hematoma, presence of multiple aneurysms, and type of treatment, were retrospectively obtained from a chart review.
Based on the previously reported classification scheme (22) , the specific location of each MCA aneurysm was determined on each angiographic image. Each aneurysm was classified by location as 1) M1 segment bifurcation, 2) M1 segment trifurcation, 3) lenticulostriate artery, 4) early temporal branch, 5) early frontal branch, or 6) distal M2, M3, or M4 segments. Aneurysm size in millimeters, as well as aneurysm morphology, was recorded. 
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The size was measured directly using image processing software on the hospitalwide Picture Archiving and Communication System, when available, or estimated based on the size of the internal carotid artery (ICA) as it enters the petrous carotid canal (5 mm) when viewed on hard-copy angiograms. The distance between the ICA bifurcation and the aneurysm origin was measured in millimeters. The direction of the aneurysm dome was recorded in two planes; on anteroposterior angiography, the dome direction was denoted as being superior (toward the frontal lobe), inferior (toward the temporal lobe), or neutral (in line with the sylvian fissure); on lateral angiography, the dome direction was classified as anteriorly projecting (in front of the line of the M1 segment), posteriorly projecting (behind the line of the M1 segment), or neutral (not projecting either anterior or posterior to the line of the M1 segment).
For aneurysms associated with an early M1 branch (lenticulostriate artery, early frontal branch, early temporal branch), additional angiographic characteristics were recorded. The location of the aneurysm along the M1 segment between the ICA bifurcation and the genu of the MCA was quantified as being along either the proximal or the distal half of the segment. The size of the early branch was recorded as being less than 50% or 50% or greater of the caliber of the M1 artery on anteroposterior angiography.
RESULTS
Demographics
The average age in our patient population was 57.3 years (range, 29-79 yr). There were 69 women and 15 men. The aneurysm was on the right side in 58 cases and on the left side in 42 cases. Twelve women and one man had two MCA aneurysms, and one woman had three. Thirty-eight of 125 patients (30%) had multiple aneurysms (in any intracerebral location). Subarachnoid hemorrhage was associated with 39 of 100 included MCA aneurysms (39.0%). Intracerebral hematoma was associated with 12 of 39 ruptured aneurysms (30.8%).
Angiographic Features
The average aneurysm size was 9.1 mm (range, 2.0-27.0 mm). The average size of ruptured aneurysms was 12.3 mm, and of unruptured aneurysms 7.5 mm. Of the 100 included MCA aneurysms, we found 36 M1 bifurcation aneurysms (Fig.  2) , 39 early frontal branch aneurysms (Fig. 3) , 18 early temporal branch aneurysms (Fig. 4) , four lenticulostriate artery aneurysms (Fig. 5) , and three M1 trifurcation aneurysms.
Of the 100 MCA aneurysms, the direction of the aneurysm dome in the anteroposterior plane for all aneurysms was frontal in 45 (45%), temporal in 39 (39%), and neutral in 15 (15%), and was obscured by clip artifact in one case (1%). The direction of the dome in the lateral plane was anterior in 33 (33%), posterior in seven (7%), and neutral in 59 (59%), and one was obscured by clip artifact (1%).
For the 36 aneurysms occurring at the true M1 bifurcation, the aneurysm dome in the anteroposterior plane projected frontally in six cases (16.7%). Twenty were temporal in projection (55.6%), and nine aneurysms projected down the line of the sylvian fissure (25.0%). In one case, clip artifact obscured the direction of the dome (2.8%). In the lateral plane, 11 projected anteriorly (30.6%), one projected posteriorly (2.8%), 23 were neutral (63.9%), and one was obscured by clip artifact (2.8%) (Fig. 6) . 
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Most of the 39 early frontal branch aneurysms projected superiorly toward the frontal lobe in the anteroposterior angiographic plane. Thirty-three of 39 aneurysms projected frontally (84.6%), six were in line with the sylvian fissure (15.4%), and no early frontal branch aneurysms projected inferiorly toward the temporal lobe. In the lateral angiographic plane, 11 early frontal branch aneurysms projected anteriorly (28.2%), four projected posteriorly (10.3%), and 24 were neutral (61.5%) (Fig. 3) .
In contrast to early frontal branch aneurysms, the majority of early temporal branch aneurysms projected toward the temporal lobe. In the anteroposterior plane, 16 of 18 early temporal branch aneurysms projected temporally (88.9%), and two aneurysm domes projected toward the frontal lobe (11.1%). In the lateral plane, eight projected anteriorly (44.4%), one projected posteriorly (5.6%), and nine projected neutrally (50.0%) (Fig. 4) .
Among the four lenticulostriate artery early branch aneurysms, in the anteroposterior plane, three projected frontally (75.0%) and one projected temporally (25.0%). In the lateral plane, two were anterior (50.0%), one was posterior (25.0%), and one projected neutrally (25.0%) (Fig. 5 ).
Of the three trifurcation aneurysms, in the anteroposterior plane, the aneurysm dome projected toward the frontal lobe in one case (33.3%) and toward the temporal lobe in two cases (66.7%). In the lateral plane, one projected anteriorly (33.3%) and two were neutral in projection in relation to the M1 line (66.7%) ( Fig. 6 ; Table 1 ).
The average distance from the ICA bifurcation to the proximal neck for all aneurysms measured was 15.5 mm. The average distance between the ICA bifurcation and the proximal neck was significantly less for all types of M1 segment early branch aneurysms than the average distance in typical bifurcation aneurysms. For typical M1 bifurcation aneurysms, the average distance was 20.2 mm; for early frontal branch aneurysms, 13.1 mm; and for early temporal branch aneurysms, 12.7 mm.
With regard to location along the M1 segment, early frontal branch aneurysms were located along the proximal half of the M1 segment in 19 of 31 aneurysms (48.7%) and along the distal half in the remaining 20 cases (51.3%). Early temporal branch aneurysms were located along the proximal half in 11 aneurysms (61.1%) and the distal half in seven (38.9%). Lenticulostriate artery aneurysms were located along the proximal half in two cases (50.0%) and the distal half in two cases (50.0%). The caliber of the early frontal and early temporal branches harboring aneurysms was compared with the caliber of the M1 segment. Among the early frontal branch aneurysms, 21 were greater than 50%, whereas 18 were less than 50% the caliber of their M1 segments. Twelve of 18 early temporal branches were greater than 50% and six were less than 50% of the M1 caliber. 
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Intracerebral Hematomas
There were a total of 12 intracerebral hematomas associated with 39 ruptured MCA aneurysms, for a hematoma rate of 30.8%. Seven of 36 bifurcation aneurysms were associated with an intracerebral hematoma (19.4%). Three of the hemorrhages were localized in the frontal lobe and four were temporal lobe clots. One of 39 early frontal branch aneurysms had an associated intracerebral hematoma (2.6%), and it was frontal in location. Three early temporal branch aneurysms had an associated intracerebral hematoma (16.7%), and all were located in the temporal lobe. One lenticulostriate artery aneurysm (25.0%) was associated with an intracerebral hematoma, and the clot was localized to the temporal lobe.
DISCUSSION
MCA aneurysms are a frequent cause of aneurysmal subarachnoid hemorrhage and are among the most commonly clipped aneurysms (2, 11) . Despite the importance of MCA aneurysms to neurosurgeons, the literature detailing the microanatomy of these lesions is sparse. The current nomenclature of MCA aneurysms is confusing, often overlapping, and lacking in descriptive anatomic detail. The literature is largely devoid of references to early frontal branch aneurysms as a distinct entity.
We identified five distinct types of saccular MCA aneurysms with characteristic angiographic and anatomic features ( Fig. 6 ; Table 1 ). A sixth type of saccular MCA aneurysm, distal to the bifurcation, has been reported. However, in our retrospective review, all the aneurysms located distal to the bifurcation were of a fusiform morphology and were excluded.
Early Frontal Branch Aneurysms
Surprisingly, the most common type of MCA aneurysm encountered in our review arose from the M1 trunk and was associated with an early frontal branch (Fig. 3) . Yaşargil (24) noted that lenticulostriate arteries (LSAs) usually arise from the prebifurcation trunk of the M1 segment and considered those large cortical branches arising proximal to the most lateral LSA to be early branches, referring to their origin as a "false early bifurcation." The location of the LSAs is important in defining the site of the main bifurcation, because the main bifurcation is usually located distal to the origin of the LSAs.
Early frontal branches occur anatomically in only 32% of specimens, and yet they accounted for the majority of MCA aneurysms in our retrospective review (22) . Earlier reports have suggested that all together, M1 segment aneurysms make up less than 10% of the total number of MCA aneurysms (2, 11, 13) . Early frontal branch MCA aneurysms have been poorly described in the literature and have escaped distinct classification in many cases. We believe that many of these aneurysms have been classified as proximal M1 bifurcation aneurysms or as lenticulostriate aneurysms in the past. Early frontal branches, especially ones that originate from the proximal half of the M1 segment, are often very large in caliber and resemble postbifurcation M1 trunks (Fig. 3D) . However, the true bifurcation lies lateral to the takeoff of these branches and is defined as the terminal division of the M1 segment into a superior trunk supplying the frontal and superior parietal lobes and an inferior trunk supplying the temporal and inferior parietal lobes. In other words, a true postbifurcation inferior trunk will not give off a second, more distal frontal-lobe arterial branch.
This seemingly semantic point implies important surgical considerations, particularly with regard to the relationship of LSAs to the aneurysm neck, location of the aneurysm, and surgical approach. LSAs were found to arise from 81% of early frontal branches in our previous anatomic study (22) . These LSAs originate from the proximal portions of these arteries, run in a recurrent, inferior direction toward the anterior perforated substance, and are often hidden behind the aneurysm dome (Fig. 3A) . They arise from larger, more proximal early frontal branches, but also from smaller, more distal early frontal branches. Failure to recognize these hidden early frontal branch LSAs can lead to unexpected postoperative deficits resulting from LSA infarctions (Fig.  3C) . In their review of superior-wall M1 segment aneurysms, Iwama et al. (14) reported a postoperative stroke rate of 28%, despite visual inspection to ensure patency of lenticulostriate branches. On average, these aneurysms are located more proximal to the ICA bifurcation than typical bifurcation aneurysms are: 13.1 versus 20.2 mm in our study. The overwhelming majority of early frontal branch aneurysms project superiorly toward the frontal lobe (84.6%), whereas a minority of bifurcation aneurysm project toward the frontal lobe (16.7%).
Surgery for Early Frontal Branch Aneurysms
The subtle anatomic differences between early frontal branch aneurysms and short M1 segment or typical bifurcation aneurysms can have a significant impact on surgical technique. The takeoff of the M1 segment frontal branches is often acute, approaching 90 degrees, combined with the fact that the aneurysm neck is often incorporated into the proximal portion of the early frontal branch; these aneurysms require a complicated clip strategy more frequently than typical bifurcation aneurysms. Early frontal branch aneurysms project superiorly, whereas bifurcation aneurysms tend to project down the line of the sylvian fissure. This has implications for approaching and exposing these aneurysms. For superiorly projecting early frontal branch MCA aneurysms, we avoid frontal lobe retraction that could result in premature rupture given the projection of the dome. Splitting the sylvian fissure is different when comparing typical bifurcation and early frontal branch aneurysms. When approaching early frontal branch aneurysms, we tend to begin the fissure split laterally, again to avoid the frontal lobe retraction that would be required to split from proximal to lateral. The lateral fissure is split down to the level of the limen insula, where the bifurcation is identified. The dissection is then carried out along the M1 segment avoiding the superior surface of the M1 segment where the aneurysm neck arises. Enough M1 segment is exposed to allow temporary clipping before any frontal lobe retraction that might be required to complete the medial fissure. The dissection around the aneurysm neck is critical. The recurrent LSAs that arise from the proximal portion of early frontal branches course directly behind the aneurysm dome and neck. These LSAs take a different course and direction compared with those associated with a short M1 segment typical bifurcation aneurysm. Early frontal branch LSAs course inferiorly en route to the anterior perforated substance and lie deep to the aneurysm neck and dome (Fig. 3A) . Great care is required to ensure that these arteries are not included in clip reconstruction. Many early frontal branch aneurysms lie partially hidden from view beneath the limen insula, sometimes burrowing into the substance of the limen. Adequate head rotation facilitates the exposure of these aneurysms that are buried beneath the limen.
Early Temporal Branch Aneurysms
Early temporal branch MCA aneurysms accounted for 18% of identified aneurysms. These aneurysms occur in relation to one of what may be several temporally directed branches arising off of the M1 segment (Fig. 4) . Like early frontal branch aneurysms, these aneurysms occur most commonly within the sphenoidal compartment of the sylvian fissure, proximal to the true MCA bifurcation, and are associated with LSAs that emanate from the temporal branch from which they arise (Fig.  4A) . However, LSAs were found to arise from only 48% of early temporal branches in our anatomic study compared with 81% for early frontal branches (22) . Early temporal branch aneurysms occurred at an average distance of 12.7 mm from the ICA bifurcation, significantly closer than typical bifurcation aneurysms. In contrast to early frontal branch aneurysms, 89% of these aneurysms were found to project toward the temporal lobe. In 12 of 18 early temporal branch aneurysms, the temporal branch was equal to or greater than the caliber of the M1 segment from which it arose. a MCA, middle cerebral artery; AP, anteroposterior; LSA, lenticulostriate artery; M1-M2, M1-M2 junction; M1, M1 segment of MCA. Five subtypes of saccular MCA aneurysm were identified in the study: bifurcation, trifurcation, early frontal branch, early temporal branch, and lenticulostriate. The subtypes are distinct with regard to location, distance from the internal carotid artery bifurcation, projection of aneurysm dome on AP cerebral angiography, association with lenticulostriate arteries, and surgical head positioning. b For AP projection of dome in trifurcation aneurysms, there were not enough events to draw a conclusion. 
Typical Bifurcation and Trifurcation Aneurysms
Typical bifurcation aneurysms occur at the terminal division of the M1 segment of the MCA into an inferior and a superior trunk (Figs. 1B and 2 ). According to previous anatomic studies, the MCA bifurcation occurs at or distal to the genu in 94% of cases and occurs within 10 mm of the limen insula (22) . In our previous examination of 50 hemispheres, all of the bifurcations were located between 12.9 mm proximal and 20.4 mm distal to the limen insula, with an average distance of 9.4 mm. The genu of the MCA was found to be lateral to the limen insula in all cases, with a mean distance of 9.7 mm. In this study, typical bifurcation aneurysms were located on average 20.2 mm from the ICA bifurcation. In the overwhelming majority of cases, these aneurysms were found at the junction of the sphenoidal and insular compartments of the sylvian fissure, at the level of the genu. Rarely were LSAs found associated with the M1 bifurcation. In the previous anatomic study, only one of 476 LSAs was found arising directly from the bifurcation (22) . The majority of true bifurcation aneurysms lay lateral to the LSAs, which arose from the more proximal M1 segment (Fig. 5A) . Most bifurcation aneurysms (20 of 35) were directed toward the temporal lobe, but a significant number (nine of 35) were directed down the line of the sylvian fissure, and a minority (six of 35) toward the frontal lobe.
A minority of bifurcation aneurysms were associated with a short prebifurcation M1 segment. These short M1 segment bifurcation aneurysms had a more proximal location within the sphenoidal compartment of the sylvian fissure and resided in close proximity to LSAs. The postbifurcation M1 segments were a frequent site of origin for LSAs; 15% of LSAs arose from postbifurcation M1 trunks in our previous study (22) . Anatomically, MCA bifurcation aneurysms will most likely be intimately associated with LSAs when there is a short M1 prebifurcation segment, when the aneurysm is large, or when the dome projects toward the frontal lobe.
CONCLUSIONS
In contrast to previous reports, M1 segment aneurysms made up the majority of MCA aneurysms in our retrospective review of 100 consecutive cases. Early frontal branch aneurysms were more common than typical bifurcation aneurysms. We believe that many early frontal branch aneurysms, particularly those associated with a large-caliber arterial branches, have been classified as short M1 segment bifurcation aneurysms in the past. Early branch aneurysms have distinct anatomic features that impact surgical management. The projection of the dome, location within the sylvian fissure, and relationship to LSAs are different for early branch aneurysms, as compared with typical or short prebifurcation MCA aneurysms. The location of the aneurysm along the M1 segment affects surgical planning, head rotation, direction of sylvian fissure splitting, sequence of M1 exposure during surgical dissection, safety of frontal versus temporal lobe retraction, location of critical perforating arteries, and clipping strategy. It is hoped that an improved understand-
Surgery for Early Temporal Branch Aneurysms
Again, subtle anatomical differences between early temporal branch aneurysms and typical or short M1 segment bifurcation aneurysms have a significant impact on the surgical management of these lesions. Early temporal branch aneurysms arise more proximal and require head rotation that facilitates exposure of the M1 segment. These aneurysms, like the early frontal branch aneurysms, are associated with LSAs that are positioned and oriented differently from short M1 segment bifurcation aneurysms. The early temporal branches from which these aneurysms arise are associated with recurrent, superiorly projecting LSAs that are often hidden behind the aneurysm dome (Fig. 4A) . Great care must be taken to avoid injury to these "misplaced" LSAs. Because the overwhelming majority of these aneurysms project toward the temporal lobe, we avoid temporal lobe retraction when exposing these lesions before obtaining proximal control. When splitting the fissure for these aneurysms, we often approach with a medial to lateral direction, which allows early proximal control and avoids temporal lobe retraction. The inferior surface of the M1 segment is avoided until after proximal control has been obtained, to avoid the origin of the aneurysm neck.
Surgery for M1 Segment Aneurysms
Early frontal branch, early temporal branch, lenticulostriate, and short M1 segment bifurcation aneurysms all arise within the sphenoidal portion of the sylvian fissure (Fig. 1A) . We approach M1 segment MCA aneurysms in much the same manner as we do ICA bifurcation aneurysms. Slightly less head rotation provides improved access to the more proximal M1 segment: 30 degrees, as compared with the 45 degrees for typical bifurcation aneurysms.
Temporary clipping of the proximal M1 requires extra care to avoid injury to perforators arising from the M1 segment. Identifying a segment of the M1 segment that is circumferentially free of perforating vessels is critical to avoiding ischemic complications. Care must be taken to avoid not only the origins of these vessels arising from the M1 segment, but also the recurrent LSAs that arise from the proximal segments of the early frontal and early temporal branches.
Intracerebral Hematomas
Aneurysms associated with intracerebral hematomas are often difficult to expose as a result of the associated mass effect. This is particularly true for M1 segment aneurysms that have a deeper location within the sphenoidal compartment of the fissure. We tend to assess each case of hematoma individually. If the mass effect is minimal or can be overcome with cerebrospinal fluid diversion, then we secure the aneurysm without clot removal. If the mass effect requires excessive retraction to gain exposure, then we decompress the hematoma transcortically and then assess the sylvian fissure. If there is still significant mass effect after evacuation, which prevents sylvian fissure dissection, then subpial dissection through the hematoma cavity is used to expose the aneurysm.
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ing of these differences will allow neurosurgeons to avoid complications when dealing with theses lesions. In future studies, we will investigate what importance these differences have with regard to surgical versus endovascular therapy and clinical outcome.
COMMENTS T
his thought-provoking article examines the prevalence and significance of early branch aneurysms of the middle cerebral artery (MCA) in a series of 84 patients with 100 aneurysms. Aneurysms were categorized into six types according to their anatomical origin: MCA bifurcation, MCA trifurcation, early frontal branch, early temporal branch, lenticulostriate artery, or distal M2-M4 segments. The most striking finding was that the early frontal branch aneurysm was the most common type (39 aneurysms), even more common than the MCA bifurcation aneurysm (36 aneurysms). Considering that early frontal arteries are observed anatomically in only one-third of cadaver specimens whereas MCA bi-or trifurcations are seen in all specimens, this finding suggests an unusual predisposition to aneurysm formation at the early frontal branch, which is difficult to explain. The authors concluded that early frontal branch aneurysms are more common than expected and that perhaps aneurysms at the bifurcation of a short M1 segment were not properly named in the past. Alternatively, one could conclude that early frontal branch aneurysms might have been counted enthusiastically in this review. As an example, the aneurysm in Figure  3D in the article might be categorized as a short M1 segment bifurcation aneurysm by a less discriminating eye. A decreased prevalence of early frontal branch aneurysms would be more consistent with the low prevalence of early frontal branches generally. Nonetheless, the authors' effort here to elevate our level of discrimination is important because early frontal branches often have critical lenticulostriate arteries arising from their proximal segment that can be missed. The superior projection of these aneurysms obscures their visualization. Occluded lenticulostriate arteries can produce devastating motor and sensory deficits, so they must be meticulously dissected and preserved. The technical maneuvers recommended by the authors relating to head rotation, direction of Sylvian fissure dissection, frontal lobe retraction, sequence of M1 exposure, and clipping strategy are all valuable. This work challenges us to be more precise with our understanding of MCA anatomy and more analytical with our description of MCA aneurysms.
Michael T. Lawton San Francisco, California
T his anatomical study nicely outlines the common locations for MCA aneurysms. The integration of a clinical series with cadaver dissections is very helpful in understanding the anatomy of this class of aneurysms. In contrast with previous studies, the neck region of the majority of MCA aneurysms was proximal to the MCA genu. I have also noticed this phenomenon in my practice, and I think this is a real finding and probably not related to referral bias. It is nice to have this point documented in a reasonably sized series, but it would be helpful to resolve this point in a larger nonselected group of MCA aneurysms.
The major relevance of aneurysms proximal to the genu relates to the potential dangers of surgical intervention. Aneurysms proximal to the limen insula are much more likely to be intimate with critical lenticulostriate arteries. Wide sylvian exposure and careful inspection for hidden small branches is crucial to successful outcome with more proximal MCA aneurysms.
Robert A. Solomon New York, New York
